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Dynamic  Compressive  Responses  and  Flow  Behavior  of  Damaged  Ceramics  under  Confinement 

ABSTRACT 

We  developed  a  novel  dynamic  loading/reloading  experimental  technique  modified  from  a  split  Hopkinson  pressure  bar  (SHPB)  to 
determine  the  dynamic  properties  and  to  record  the  damage/failure  modes  in  the  ceramic  specimen,  in  which  a  ceramic  specimen  was  loaded 
by  two  consecutive  stress  pulses.  The  first  pulse  determines  the  dynamic  response  of  the  intact  ceramic  material  and  then  crushes  the 
specimen  to  a  desired  damage  level.  The  second  pulse  then  determines  the  dynamic  compressive  constitutive  behavior  of  the  damaged  but 
still  interlocked  ceramic  specimen.  The  first  pulses  were  slightly  varied  to  control  the  damage  levels  in  the  ceramic  specimen  while  the 
second  pulse  was  maintained  identical.  The  damage  modes  in  a  hot-pressed  silicon  carbide  (SiC-N)  specimen  have  been  correlated  to  its 
dynamic  compressive  response  at  high  strain  rates.  The  results  show  that  the  compressive  strengths  of  damaged  ceramics  depend  on  a 
critical  level  of  damage,  below  which  the  specimen  retains  its  load-bearing  capacity  and  only  axial  cracks  are  observed  in  the  specimen. 
When  the  specimen  is  critically  damaged,  axial  cracks  and  isolated  pulverized  regions  are  observed.  When  the  specimen  id  damaged 
beyond  the  critical  level,  the  ceramic  specimen  is  crushed  into  cracked  particles  with  pulverized  (comminuted)  materials  along  the  particle 
boundaries,  which  displays  a  granular  flow  behavior  in  its  stress-strain  curve. 
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The  University  of  Arizona,  Tucson,  AZ  85721-0119 


Research  objectives 

During  a  penetration  process  through  a  ceramic  armor,  the  pulverized  but  still  interlocked  ceramic  is  the  only  material  that  is  in 
direct  contact  with  the  penetrator.  However,  the  mechanical  response  of  this  specific  ceramic  layer  to  impact  loading  is  unavailable. 
The  objective  of  this  research  program  is  to  fill  in  the  urgent  needs  for  valid  dynamic  properties  of  damaged  but  interlocked  ceramics 
by  (1)  developing  a  dynamic  multiaxial  compression  technique  that  can  accurately  detennine  the  dynamic  behavior  of  such  ceramics 
under  valid  testing  conditions,  and  (2)  performing  dynamic  experiments  on  damaged/interlocked  annor  ceramics  at  various  strain  rates 
and  confinement  levels,  and  consequently  developing  dynamic  constitutive  models  for  armor  performance  simulation  and  assessment. 

Approach 

An  inter-related  experimental  and  analytical  investigation  is  planned  to  develop  a  fundamental  understanding  and  accurate 
description  of  the  dynamic  constitutive  and  flow  behavior  of  damaged  ceramic  materials  under  impact  loading  conditions.  The  proposed 
research  will  consist  of  four  major  tasks:  construction  of  a  modified  split  Hopkinson  pressure  bar  with  an  integrated  high-confinement 
pressure  chamber,  experimental  detennination  of  the  constitutive  behavior  of  damaged  ceramics  at  a  variety  of  damage  and  confinement 
levels,  analytical  modeling  of  the  experimental  results  with  proper  damage  parameters,  and  the  dynamic  flow  behavior  as  a  function  of 
resistance  to  the  ceramic  ejection. 

Significance  -  Army  value 

Ceramic  tiles  are  key  components  in  the  armor  of  U.S.  Army’s  Future  Combat  Systems  (FCS)  and  in  the  personnel  protection 
systems  of  Objective  Force  Warriors  (OFW).  Upon  impact,  the  ceramic  annor  that  is  in  direct  contact  with  the  impactor  will  pulverize. 
This  pulverized  layer  of  ceramic  significantly  affects  the  impact  resistance  of  the  ceramic  annor.  As  pointed  out  in  the  “Ceramic  Annor 
Material  by  Design  Symposium”  organized  by  ARL  at  PAC  RIM  IV  in  November  2001,  knowledge  on  the  behavior  of  damaged  ceramics 
is  critical  to  ceramic  annor  development.  The  results  of  this  research  program  will  provide  qualitative  understanding  and  quantitative 
experimental  data  to  satisfy  the  urgent  needs  of  FCS  and  OFW. 


Accomplishments 

Our  research  is  mainly  focused  on  the  development  of  novel  experimental  techniques  such  that  the  impact  response  of  damaged 
ceramics  can  be  determined  and  understood.  During  the  past  year,  we  used  a  high-precision,  heavy-duty  split  Hopkinson  pressure  bar 
(SHPB)  and  conducted  novel  dynamic  loading/reloading  experiments  for  obtaining  the  dynamic  compressive  responses  of  intact  and 
damaged  silicon  carbide  armor  ceramic  in  a  single  experiment.  Research  effort  has  been  invested  to  develop  the  pulse-shaping  techniques 
that  are  necessary  to  conduct  the  experiments  under  valid  dynamic  testing  conditions,  so  that  the  resultant  experimental  data  are  valid  and 
accurate. 

The  research  preparation  for  characterizing  the  dynamic  compressive  responses  of  damaged  ceramics  under  multiaxial 
compression  has  made  steady  progress.  The  construction  for  the  confining  pressure  system  is  near  completion.  The  experimental 
technique  for  preserving  a  damaged  but  interlocked  ceramic  sample  is  being  explored. 


Technology  Transfer 

The  P.I.  has  long-term  technology  transfer  activities  and  collaborations  with  the  U.S.  Army  Research  Laboratory  (ARL),  Aberdeen 
Proving  Ground,  MD.  Dr.  Tusit  Weerasooriya  of  ARL  plans  to  obtain  the  experimental  technique  for  loading  intact/damaged  ceramic 
samples  in  a  single  experiment.  The  experimental  data  have  been  transferred  to  the  Armor/Structure  Program  at  TARDEC  and  Army  HPC 
Research  Center.  The  P.I.  of  this  program,  Dr.  Chen,  will  work  at  ARL  again  in  the  summer  of  2005  under  a  Summer  Faculty  Program. 
In  addition,  a  computational  group  at  Sandia  National  Laboratories,  Albuquerque,  NM,  working  on  a  DoD  program  has  requested  and 
obtained  part  of  our  experimental  data  for  simulations. 
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